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Abstract

‘I'his talk presents a robust controldesigh experiment ina technology demonstration of Ad-
vanced Reconfigurable Control (ARC) u sing the integra ted Modcling and Cor ilyol Synihie sis
Toolbor (MACSYN) []]. The objective of the experiment is to apply this integrated identifi-
cation and robust synthesis methodology (M AC SYN) to the vibration suppression problem
011 aninstrumented space truss structure. TTie overall methodology lias been implemented
and cva Juated on a 4-input, 3-output non-colocated flexible structure at J1°1.. The identi-
fication method is based on a recent frequency domain technique which estimates botl a
state space mod el and ar additive uncertainty weighting for multivariable robust control
design. The control part is based on a1 dual-loop /112 approach with a hicrarchical
M} MO inner/outer Joop design structure. This case study indicates that the integrated
MACSYN design methodology provides an effective approach to developing vibration cor -
{rollers for non-colocated space structures, or related applications involving multivariable
plantsof commensuratecomplexity.

Uncertai nty is always the major issuc in control systemn design. However, the proposed inte-
grated M ACSYN design micthod can precisely cast the uncerta inty variations into its design
process inadvance so that the resulting multivariable controller willhave robust performance
inthe presence of al these pre-identified uncertainties. To initiate this robust control design
NIOC(ss, practical system 11) algorithis play a crucial role in definin g the nominal and un-
certain space structure models. A systematic method for identification of both the nominal
plant (in state-spac ¢ form) and an uncertainty model (in paramet ric forin) has heenrecently
developedat J'], based o11 frequency domainmethods. The approach is based on a sequence
of nonparametric and parametric steps using the theory and algorithims developed jy [2, 3].
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This overall app roach provides the inforimation (plant estiinate and uncertainty weightings)
required for designing robust controllers sing st and ard softw are/toolboxes, cte. After iden-
tifying the structure 1miodel and uncertainty boundaries, robust control synthesis methods
such as 1 17, 11°°, and /- Synthesis [4] canbe invoked to design a controller that stabilizes the
plant and achicves disturbance rejection performance criterion based on the preset weighting
functions. Altogether, system 1D and robust control Me ods can e integrated in a highly
cflicient manner for this project as well as more challenging space missions in the future,

An 1% /112 two-100p design methodology is proposed for the ARC experiment. As described
above, this method can provide a1 eflective feedback controller by separating the robustiness
and perfory nance design issucs into a hicrarchical inner/outer loop closure process. The
function of inmer loop is to shrink the ball of uncertainty, so that the loop-shaping task of
the outer loop can be rosily and effcctively accomplished. In this unique ap P roach, 112 and
1 I optimizations arc used independently and are complement ary to cach other in a unified
design fashion such that a robust and high performance controller is achicved without using
the numerically ill-conditioned ji-Synthesis method.

The dual-loop controller can reject band-limited white noise (50 112) by a factor of 50 to 1
in the 4-input, 3-output non-colocated system. Preliminary laboratory results and simula-
tion data have been included in this presentation. The {inal results together with several
rceconfigurable case studies will be published clsewhere.
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